E R T E B R A L artery tortuosity or loop formation is a rare cause of enlargement of cervical intervertebral foramen and cervical radiculopathy.
Case Report

H i s t o r y .
This 62-year-old man presented with a 4-month history of progressive left-sided shoulder pain radiating to his left arm, which was associated with dizziness. There was no history of cervical spine injury or family history of neurofibromatosis. The patient was referred to our institution for a suspected spinal cord tumor after underg o i n g radiographic evaluation.
E x a m i n a t i o n .
A physical examination revealed a slightly diminished left-sided biceps jerk, with mild deltoid weakness and brachial paresthesia. No vascular bruit was detected. No remarkable change in his neurological symptoms was recognized during or after neck movement.
Radiography of the cervical spine revealed a widening of the left C4-5 intervertebral foramen due to welldefined erosion of the posterolateral aspect of the VB and the inferior portion of the pedicle of the C-4 vertebra (Fig.  1A) . Degenerative changes were compatible with the p a t i e n t 's age. Magnetic resonance imaging revealed cork screw-like signal voids in the widened C4-5 intervertebral foramen (Fig. 2) . Left-sided VA angiograms demonstrated a tight loop migrating into the C4-5 intervertebral foramen ( Fig. 1B and C) . Angiograms obtained during neck movements revealed no remarkable hemodynamic or morphological changes in the cervical region. A 20-minute balloon occlusion test of the left VA proved there was sufficient right VA collateral circulation, and the right VA was slightly smaller than the left; brainstem auditory evoked potential and stump pressure monitoring were simultaneously conducted. During inflation of the balloon c a t h e t e r, no obvious improvement of his radicular symptoms was recognized, probably because of the remaining pulsatile compression caused by enough stump pressure. (Fig. 3A) . The complete release of the adhesive VA loop from the affected nerve root was thought to have a considerable risk of causing nerve root damage. Therefore, the left VA was severed at the proximal and distal aspects of the loop, and an end-to-end anastomosis was performed during brainstem auditory evoked potential monitoring (Fig. 3B ). This vascular reconstructive p rocedure required minimal neurovascular dissection of the C-5 nerve root. Postreconstruction, intraoperative pulse Doppler ultrasonography revealed a reduction in the turbulence and increased blood flow in the left VA .
Postoperative Course. The patient's radicular symptoms and dizziness resolved immediately after surg e r y. He was d i s c h a rged with no neurological deficits after underg o i n g postoperative left VA angiography (Fig. 4 ). There were no signs of recurrence within the 2-year follow-up period.
Discussion
Since Hadley 11 first reported the destructive change occurring in the VB caused by tortuosity of the VA, more than 30 cases of bone erosion, neurovascular compression, and/or VBI due to VA tortuosity or loop formation have been reported.
1 -1 0 , 1 2 -2 1 , 2 3 , 2 4 In reviewing reports on symptomatic tortuous VA, including the case presented h e r e , 1 -3 , 6 , 8 , 1 2 , 1 3 , 1 7 -2 1 , 2 3 , 2 4 we found six cases of C4-5 lesions, followed by four cases of C5-6 lesions, three cases of C1-2 lesions, and three cases of C3-4 lesions. Nine cases had left-sided, six had right-sided, and one had bilateral lesions. There was no evidence of sex predominance (age range 37-75 years, mean 55 years).
The clinical and neuroimaging characteristics of VA tortuosity have been described in detail elsewhere. 1-3, 6-9,12,14,15,18,19,21,23,24 The mechanism by which the VA loop forms and migrates into the intervertebral foramen is unclear. Oga, et a l . , 1 5 have reported a detailed prospective study of the VA tortuosity in 22 cases in which anterior cervical decompression was performed, and they concluded that the extent of the VA tortuosity was correlated with the grade of the cervical spondylosis. Some authors have speculated that hemodynamic stress might be a factor in the formation of this lesion because of the frequent association of high blood pressure and arteriosclerosis. 2 , 5 , 2 4 In reviewing the nine cases in which data were provided on bilateral VAs, we found that the affected VA was larger than or equal in size to the contralateral artery in all cases. loop formation and migration and erosion of the adjacent bone structures induced by high pulsatile arterial pressure. This hypothesis suggests that there is a greater possibility that the VA loop will grow, worsen, and subsequently result in the recurrence of the compressive radiculopathy after the decompressive surg e r y.
S u rgical procedures reported in the literature include microvascular decompression via the posterior approach, 6 , 2 0 , 2 3 microvascular decompression via the anterolateral app r o a c h , 8 rootlet section via foraminotomy, 1 and confirmative or unillustrated operations.
2 , 1 3 , 2 4 Duthel, et al., 8 h a v e reported successful outcomes after using an anterolateral approach to perform microvascular decompression of the VA loop that compressed the C-6 nerve root. An anterolateral approach has an advantage over the posterior approach in that it provides direct exposure of the VA and the nerve root in the intervertebral foramen. The operative procedure used by Duthel, et al., seemed exceedingly logical; howeve r, the long-term efficacy has not been established, as only a 3-month follow-up period was reported.
We designed three strategies for undertaking an anterolateral approach: 1) microvascular decompression; 2) transposition of the VA loop after a sufficient unroofing of the intervertebral foramen; and 3) vascular reconstruction of the VA loop, as demonstrated in the present report, if the off e n ding tortuous artery is so adhesive that a neurovascular dissection risks causing nerve root injury. Because of extremely tight pincerlike impingement on the C-5 nerve root, we chose to perform vascular reconstruction of the VA loop, and this resulted in complete and probably permanent relief of the pulsatile compression; only minimal neurovascular dissection and removal of the smallest amount of bone structures were consequently required.
A tortuous VA has occasionally been known to cause V B I .
3 , 1 3 , 1 5 , 1 7 It remains unclear whether the VBI demonstrated in our patient was a consequence of the VA loop. Unequivocal improvement of the arterial flow confirmed by the intraoperative pulse Doppler ultrasonography, as well as the patient's excellent postoperative outcome (no recurrence of dizziness), are thought to be evidence implicating the role of the VA loop in the occurrence of VBI.
Reports in which this rare entity has been documented have been scarce, and little attention has been focused on the migrated VA during the anterior cervical decompressive procedure. 1 5 , 2 2 The information provided in this report is also of critical importance when using the usual anterior cervical approach so as to avoid a serious or fatal complication of VA injury.
Conclusions
The authors have presented the first case in which vascular reconstruction was successfully performed to treat a symptomatic VA loop; this procedure has a lower risk of the nerve root injury, even if the offending artery loop is tightly adhesive. Theoretically, this reported procedure provides complete and probably permanent relief of the radicular and/or circulatory symptoms, while sparing the main part of the bony structures of the vertebrae.
The authors believe that proper and comprehensive vascular reconstruction of a symptomatic VA loop should be the therapeutic option of choice, after comprehensive preoperative evaluation including the balloon occlusion test to avoid vertebrobasilar ischemia.
